Relatively little information is available on the specific nitrogen and growth factor requirements of the acetic acid bacteria. The early observation of Hoyer (1898) Stokes and Larsen (1945) to establish that this strain of A. suboxydans requires a mixture of six amino acids for good growth and enabled them to grow A. suboxydan for the first time in a completely defined medium. Nitrogen in the form of ammonium salts was not adequate for growth, but at suboptimum concentrations of the required amino acids, it stimulated growth. Gray and Tatum (1944), however, noted that ammonium nitrogen is sufficient for growth of a strain of A. melanogenum, M.A. 6.1, if the growth factors thiamin, and pantothenic, nicotinic, and p-aminobenzoic acids were supplied in the medium. By x-ray irradiation Gray and Tatum obtained mutants which required amino acids for growth. These results suggest that species other than A. aceti, and those previously mentioned, may be able to grow with ammonium nitrogen if supplied with essential growth factors and with an appropriate source of carbon and energy.
Relatively little information is available on the specific nitrogen and growth factor requirements of the acetic acid bacteria. The early observation of Hoyer (1898) Frateur, 1950) and A. lovaniense (Frateur, 1950) with ammonium nitrogen.
It is evident therefore that species other than A. aceti can utilize readily inorganic nitrogen for growth although for some strains this is possible only when glucose rather than ethanol is the source of carbon and energy.
But there is another nutritional aspect which needs to be considered. The above mentioned investigations were made with media which did not contain growth factors. It has long been known that media containing complex nitrogenous materials such as yeast extracts and peptones are necessary for the growth of many species of the genus Acetobacter including A. suboxydans, A. melanogenum, and A. rancens. With the development of knowledge of the growth factor requirements of microorganisms and the availability of the active compounds in pure form, a few attempts were made to determine the specific essential nutrients supplied by the complex natural materials of the medium. Thus, Underkofler, Bantz, and Peterson (1943) showed that a strain of A. suboxydans, ATCC 621, requires pantothenic, p-aminobenzoic, and nicotinic acids for growth in a medium containing casein hydrolyzate as the source of nitrogen and glycerol as the carbon source. This made it possible for Stokes and Larsen (1945) strains although some are stimulated considerably by this vitamin. The remaining seven B-vitamins, thiamin, riboflavin, pyridoxine, vitamin B12, pteroylglutamic acid, biotin, and inositol, had little or no effect on growth.
The stimulatory effect of p-aminobenzoic acid is accentuated to the point of becoming essential if the medium contains only pantothenic and nicotinic acids rather than the mixture of the vitamins. It can be seen from data in table 3 that practically no growth of A. suboxydans, growth factors in addition to the ten which were used with negative results, and some of these might be the essential ones for the exacting strains. A large number of these other known growth factors, certainly most of them, were tested therefore for their effect on the growth of the exacting strains. They included the citrovorum factor, vitamin C, coenzyme A, antistiffness factor, lemon juice factor,' a-lipoic acid, cocarboxylase, nicotinamide, pyridoxal, pyridoxamine, Armour's liver coenzyme preparation which contains diand triphosphopyridine nucleotides and pyridoxal and pyridoxamine phosphates; also choline, asparagine, glutanine, glutathione, ergosterol, adenine, guanine, xanthine, uracil, hypoxanthine, thymine, adenylic acid, guanylic acid, and cytidylic acid. Addition of these factors to medium A containing glucose, hydrolyzed casein, and the usual 10 vitamins failed to stimulate significantly the growth of the exacting strains. There was no evidence that the mixture of growth factors was toxic since a small amount of growth occurred in the basal medium and this was stimulated slightly by the supplement of growth factors. It seems reasonable to conclude therefore that these strains may require new and as yet unidentified growth factors.
As previously mentioned, the ability of many of the acetic acid bacteria to utilize ammonium nitrogen is dependent upon the carbon source available. Thus, A. xylinum developswith (NH4)r SO4 when glucose is in the medium but not with ethanol. And if the essential vitamins are provided, this same relationship has been demonstrated with 8 strains of A. euboxydans and 2 strains of A. melanogenum. In an attempt to obtain further information about this interesting nitrogen to carbon relationship, five of the above 1 Cf van Wagtendonk, Miller, and Conner (1952 t Ml of 0.05 N acid per ml of culture; the theoretical value for the oxidation of all of the ethanol to acetic acid is 8.7 ml.
that this ethanol-also lactate and pyruvateutilization factor is present in pork and beef liver, in yeast extract (Difco) and tryptone, and in other biological materials. As present in yeast autolysate, the factor is a very stable compound since it is virtually unaffected by autoclaving at 121 C for 1 hr in 0.1 N H2S04 and 0.1 N NaOH.
DISCUSSION
The ability to grow with ammonium nitrogen is a primary characteristic for the classification of acetic acid bacteria and the identification of certain species, e.g., A. aceti, A. peroxydans, and A. lovaniense. The demonstration that this prop-erty is possessed also by strains of A. xylinum, A. rancens, A. &uboxydans, and A. melanogenum and will perhaps be shown by future investigations to be a property of additional species of Acetobacter does not lessen its value for taxonomic purposes. For these latter species, growth factors and certain sources of carbon other than ethanol are necessary for the utilization of inorganic nitrogen, and these are lacking in Hoyer's medium, or modifications of it, which are routinely used in tests for utilization of ammonia. But it is important to note that the data obtained from such routine tests are of diagnostic value only and do not give a complete picture of the nutritional capacities of the strains. A strikingly parallel situation with yeasts has been observed by Wickerham (1946) . Also yeasts have been classified on the basis of utilization of ammonia. But Wickerham showed that the usual tests for assimilation of ammonia merely measure the ability of the yeasts to synthesize certain B vitamins which are lacking in the test media commonly employed, for when the required vitamins were supplied all of the "negative" yeasts grew well with ammonium sulfate.
As is true for so many other nutritional requirements, those for the different forms of nitrogen vary greatly with the conditions of culture. In addition to the variations described in the present paper, many others concerned mainly with amino acids have been reported. Thus, Lactobacillus arabino&us requires phenylalanine, tyrosine, and aspartic acid for growth at 35 C to 39 C, but these do not have to be supplied at 26 C or if the atmosphere above the cultures is enriched with carbon dioxide (Lyman et al., 1947; Borek and Waelsch, 1951) . Substitution of pyridoxamine for pyridoxine eliminates the requirement of Lactobacillus delbrUeckii for lysine, threonine, and alanine (Stokes and Gunness, 1945) , and biotin eliminates the need for aspartic acid in the case of Lactobacillus arabino&us and other lactic acid bacteria (Stokes, Larsen, and Gunness, 1947) . Recently Ware (1951) has found that although ammonium nitrogen is adequate for the growth of Escherichia coli at 37 C, glutamic acid and nicotinamide must be supplied for growth at 44 C.
